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a b s t r a c t
Three experiments examined the effects of symmetry and complexity, as facial structures, on the aesthetic
judgments of faces, and how these effects are modulated by moderate or massive familiarization. Results
showed that symmetrical faces were judged as more attractive than nonsymmetrical faces, and simple
faces were judged as more attractive than complex faces—with complexity deﬁned as the number of facial
elements. Complexity in faces seemed to have overridden the usually positive effects of facial symmetry.
Moreover, while moderate familiarization did not modulate the effects, massive familiarization to a speciﬁc
face type resulted in structural generalization effects: participants provided higher aesthetic judgments to
faces that were new, but similarly structured to those which they were familiarized. This latter result contrasts
previous studies that have found structural contrast effects following familiarization to meaningless, abstract
stimuli. Taken together, these results reﬂect the greater biological and social signiﬁcance of faces as compared
to other objects in the world. They also show that people are drawn to those with familiar characteristics.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
The mind is equipped to respond consistently to the environment.
However, it can also cope with unforeseen circumstances, quickly
adapting to certain stimuli or conditions to produce appropriate actions.
Aesthetic responses to particular visual features of the environment, for
instance, are generally robust to changes in context. Tinio and Leder
(2009) recently demonstrated this with symmetry and complexity in
abstract patterns. The effects of these two factors on aesthetic judgments are generally positive—people ﬁnd symmetrical and complex
objects aesthetically pleasing, at least in typical contexts; people's
responses change, however, in extreme contexts, as when people are
massively familiarized to these features. In this paper, we report on
three experiments that examined the effects of symmetry and complexity on the aesthetic judgments of faces. We placed emphasis on how such
effects are modulated by familiarization, both moderate and massive.
Similar studies that have been conducted in the past have used mainly
abstract patterns (e.g., Tinio & Leder). Here, we capitalized on the greater
biological and social signiﬁcance of faces (Bruce & Young, 1986).
The perception and aesthetic judgment of faces are unique. Faces
capture visual attention (Fletcher-Watson, Findlay, Leekam, & Benson,
⁎ Corresponding author. Tel.: +1 201 253 8566.
E-mail address: pablotinio@gmail.com (P.P.L. Tinio).
0001-6918/$ – see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.actpsy.2013.08.003

2008; Vuilleumier, 2000). Once captured, faces also bind that attention,
regardless if the faces have been seen previously or not (Bindemann,
Burton, Hooge, Jenkins, & de Haan, 2005). The attentional advantage
of faces could be attributed to how our mind deals with them, as it is
widely believed that faces are processed differently from other objects
(Leder & Bruce, 2000; Ro, Russell, & Lavie, 2001). Research has also
identiﬁed special brain regions used for face processing (Allison,
Puce, Spencer, & McCarthy, 1999; Kanwisher, 2000; Kanwisher,
McDermott, & Chun, 1997), and event-related brain potentials
occurring during early visual processing have been found to be speciﬁc to faces (e.g., Herrmann et al., 2002). Moreover, the aesthetic
response to faces seems to involve speciﬁc neuronal response patterns
(O'Doherty et al., 2003; Winston, O'Doherty, Kilner, Perrett, & Dolan,
2007). This has been shown both when the faces were explicitly and
inexplicitly evaluated for attractiveness, suggesting that aesthetic responses to faces are automatic and occur pre-attentively (Chatterjee,
Thomas, Smith, & Aguirre, 2009; Winston et al., 2007). Thus, there is extensive evidence indicating that aesthetic responses to faces are unique.
Our research is premised on this special status of faces.
We examined the inﬂuence of symmetry on aesthetic judgments of
faces. Symmetry is found both in natural objects, such as crystals, and in
human artifacts, such as artworks (Darvas, 2007; Weyl, 1983). There
seems to be a visual bias towards symmetry: symmetry is visually
salient (Van der Helm & Leeuwenberg, 1996; Wagemans, 1995, 1997,

464

P.P.L. Tinio et al. / Acta Psychologica 144 (2013) 463–471

1999), it can be detected pre-attentively (Chatterjee, 2004; Locher &
Wagemans, 1993), and its detection is robust against such factors as
slight symmetry perturbations (Barlow & Reeves, 1979; Locher &
Smets, 1992; Wagemans, 1993; Wagemans, van Gool, & d'Ydewalle,
1992; Wenderoth, 1997). The presence of symmetry also inﬂuences
the visual exploration of stimuli. (Locher & Nodine, 1973, 1987). Moreover, symmetry has been shown to facilitate short-term recognition
memory for basic shapes (Kayaert & Wagemans, 2009).
In terms of aesthetic judgments, symmetrical stimuli such as abstract designs (Cardenas & Harris, 2006) and patterns (Jacobsen &
Höfel, 2001, 2002; Jacobsen, Schubotz, Höfel, & van Cramon, 2006) are
judged more positively than their nonsymmetrical counterparts. The
positive inﬂuence of symmetry on aesthetic judgments is especially
evident in human faces. Symmetrical faces are judged as more attractive
than nonsymmetrical faces (Cardenas & Harris, 2006; Grammer &
Thornhill, 1994; Little, Jones, DeBruine, & Feinberg, 2008; Mealey,
Bridgstock, & Townsend, 1999; Perrett et al., 1999; Rhodes, Profﬁtt,
Grady, & Sumich, 1998). The preference for symmetry in faces appears
to be present in all cultures and is a deep feature of human biology
(Little, Apicella, & Marlowe, 2007; Little et al., 2008; Rhodes et al.,
2001). It has been suggested that symmetry in faces and bodies signal
successful adaptation to environmental pressures and genetic and reproductive ﬁtness (Jones et al., 2001; Rhodes et al., 2001; Singh, 1995;
Thornhill & Gangestad, 1999, 2006). Symmetry has been shown to be
an important characteristic even for non-human species (Moller &
Thornhill, 1998; Thornhill & Moller, 1998).
The second variable that we tested was complexity, which like symmetry, is highly inﬂuential to aesthetic judgments. Since the early days
of empirical research on aesthetics, complexity has been considered an
important factor in aesthetic judgments. For example, in Eysenck's
(1941) formulation of an aesthetic measure, complexity contributed
positively to the aesthetic value of an object. Other studies have
shown that complex abstract patterns (e.g., Jacobsen & Höfel, 2002),
artworks (Osborne & Farley, 1970), schematic renditions of building facades (Imamoglu, 2000), and graphic advertisements (Cox & Cox, 2002)
are preferred over their corresponding simple versions.
Unlike symmetry, research on the inﬂuence of complexity on the
aesthetic judgments of faces is lacking. Therefore, it is not known
whether complexity has a positive or a negative inﬂuence on how
faces are judged aesthetically. There are also no standard practices
regarding how complexity in faces should be operationally deﬁned.
Existing approaches to deﬁning complexity are mainly concerned
with basic shapes and patterns (Berlyne, 1963, 1970). We based
our approach on previous studies that have used stimuli that varied
simultaneously in symmetry and complexity (e.g., Eisenman &
Gellens, 1968; Jacobsen & Höfel, 2001; Tinio & Leder, 2009). In
those studies, complexity was deﬁned by the number of distinct elements
that comprised a stimulus. This approach to deﬁning complexity is considered to be very straightforward given the existing evidence that even
at an early age, responses to the complexity of visual stimuli are based
largely on the number of elements (Chevrier & Delorme, 1980). Using a
face composition software, we created composite faces that systematically varied in the number of facial features, and operationally deﬁned complexity as the number of additional facial features added to a face
template (added to the cheek, mouth, and forehead) that we used as a
basis for producing composite face images. Although using composite
faces in such a way presented some limitations, we believe that this provided a way of maintaining experimental control over the stimuli and of
bringing the elements of the research design closer to past research that
have used simple and meaningless stimuli (Tinio & Leder).
Experiment 1 examined the combined effects of symmetry and complexity on aesthetic judgments using four categories of faces with each
set corresponding to the following combination of the two main factors:
simple-symmetrical, simple-nonsymmetrical, complex-symmetrical,
and complex-nonsymmetrical. Participants rated the attractiveness of
the faces. They also rated the emotional valence of the faces in order to

determine if the use of the additional features on the complex faces
resulted in systematic differences in emotional valence. Finally, as a manipulation check, participants rated (in Experiment 1) the distinctiveness of the faces to verify that there were no differences in this factor.
Based on the ﬁndings of previous studies, we hypothesized that symmetrical faces would be judged as more attractive than nonsymmetrical
faces (e.g., Grammer & Thornhill, 1994; Jacobsen & Höfel, 2001). We
also hypothesized that simple faces would be judged as more attractive
than complex faces because the additional features on the complex
faces could have a negative impact due to factors such as changes in
the texture of the face (Fink, Grammer, & Thornhill, 2001; Jones, Little,
Burt, & Perrett, 2004) and shifts in perceived age, which is discussed in
more detail below (Korthase & Trenholme, 1982; Matts & Fink, 2010;
Samson, Fink, & Matts, 2010). Importantly, the addition of these features
could also have led to the complex faces shifting towards more negative
emotional valence. It has been shown that emotional expression has a
signiﬁcant inﬂuence on the attractiveness judgments of faces (Jones,
DeBruine, Little, Conway, & Feinberg, 2006; Mueser, Grau, Sussman, &
Rosen, 1984; Reis et al., 1990). Faces appearing more negative emotionally receive lower attractiveness ratings even when participants are
instructed to compensate for the effects of emotionality (Mueser
et al., 1984). Finally, based on Tinio and Leder's (2009) ﬁnding that the
effects of symmetry and complexity on aesthetic judgments are additive
(based on the pattern of means), we hypothesized that participants
would judge the simple-symmetrical faces as most attractive, followed
in decreasing order of attractiveness by simple-nonsymmetrical, complexsymmetrical, and complex-nonsymmetrical faces.
Experiment 1 examined these predictions, while Experiments 2 and
3 assessed the modulating inﬂuence of familiarization on the effects of
symmetry and complexity on the aesthetic judgments of the faces.
While symmetry and complexity are strong predictors of aesthetic judgments of various types of stimuli (e.g., Eisenman & Gellens, 1968),
recent studies have shown that contextual factors such as familiarity
could modulate their effects (e.g., Carbon & Leder, 2005; Tinio & Leder,
2009). In Experiments 2 (massive familiarization) and 3 (moderate
familiarization), participants were familiarized to one of the four types
of faces. Following familiarization, they rated the attractiveness of the
faces to which they were familiarized and the other three sets of faces.
The effects of familiarization were ﬁrst examined by Zajonc (1968) in
a series of correlational and experimental studies using stimuli such as
nonsense words and photographs of faces. He showed that repeated exposure to a certain stimulus resulted in more positive affect towards that
stimulus. Zajonc's mere-exposure effect has received considerable attention from researchers (for comprehensive reviews, see Bornstein, 1989;
Stang, 1974). In accordance with the mere-exposure concept, we hypothesized that participants in the present study will judge the faces to
which they were familiarized as more attractive than the novel faces.
In our analysis, we placed emphasis on generalization effects that
may be elicited by familiarization. This is consistent with the structural
mere exposure phenomena, a concept similar to mere-exposure. Structural mere exposure involves the transfer of effects from a familiar stimulus to a similar but novel stimulus (Gordon & Holyoak, 1983; Manza &
Bornstein, 1995; Monahan, Murphy, & Zajonc, 2000; Newell & Bright,
2001; Zizak & Reber, 2004). Structural mere exposure studies typically
focus on the transfer of artiﬁcial grammatical structures from a familiar
to an unfamiliar but similar stimulus. Thus, traditional mere exposure
assumes positive affect towards familiar stimuli, while structural mere
exposure assumes positive affect towards familiar structures in stimuli.
In the present study, we focused on the transfer of the effects of facial
structures—symmetry and complexity—from familiar to unfamiliar,
but similar faces. This is a type of visual structural generalization,
which Tinio and Leder (2009) have previously discussed.
We also examined the possibility of contrast effects, especially in
relation to the interaction between familiarization and complexity.
According to Berlyne's (1970, 1971) arousal potential theory, through
increasing exposure, stimuli that are highly complex are evaluated
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more positively than stimuli that are less complex. Thus, people prefer a moderate level of arousal because upon initial presentation, low
complexity stimuli possess moderate levels of arousal potential,
which subsequently decreases through increasing exposure. In contrast, stimuli that are highly complex, upon initial presentation
have undesirably high levels of arousal potential. However, through
increasing exposure, the arousal potential decreases to moderate
levels, which results in the subsequent liking of the complex stimuli.
Tinio and Leder (2009), using abstract patterns, found structural
contrast effects for the complexity factor following a massive familiarization phase. Participants familiarized to complex patterns subsequently rated simple patterns as more attractive than complex patterns.
Likewise, participants familiarized to simple patterns subsequently
rated complex patterns as more attractive than simple patterns. In the
present study, we predicted that generalization effects of symmetry
and complexity are more likely because of the greater biological and
social signiﬁcance of faces. Participants should ﬁnd faces with visual
features they have been familiarized to as more attractive. We also
predicted that these effects would only be found following massive
familiarization (Experiment 2) to a particular type of face, and that
moderate familiarization (Experiment 3) would not be sufﬁcient to generate such effects.
2. Experiment 1
2.1. Method
2.1.1. Participants
Eighteen undergraduate students (15 females; mean age: 21.57;
range: 19–26) from the University of Vienna, Department of Psychology
participated in the experiment for partial course credit. The nature of
the procedures was explained to, and informed consent was obtained
from, each participant prior to data collection. All participants had normal or corrected-to-normal vision and none were aware of the purpose
of the experiment.
2.1.2. Stimuli
The stimuli were created using FACES, a face composition software that allowed the construction of composite faces by combining
various facial features contained in a features database. Each feature
(e.g., nose and mouth) was represented by numerous individual exemplars (e.g., pointed or rounded nose and narrow or wide mouth).
As a consequence of these numerous exemplars, there was a high
number of possible facial conﬁgurations. The use of composite
faces helped to address experimental control issues typically associated with photographs of real faces. These include issues related to
varying image quality, lighting, head orientation, hair styles, and differences in skin complexion.
We created 160 composite male faces. Eighty of these faces were
simple and were comprised of the following seven facial features: forehead contour, overall face contour, jaw contour, eyes, eyebrows, nose,
and mouth. The other 80 faces were complex and were composed of
the previous seven features plus forehead frown lines, cheek lines, and
mouth lines. In producing the faces, differences amongst them were
emphasized in order to maximize the likelihood of having distinct
looking faces within the entire set. This was achieved by minimizing
the inclusion of a particular feature exemplar in too many faces.
Half of the simple faces were symmetrical and the other half were
nonsymmetrical. Similarly, one-half of the complex faces were symmetrical and the other half were nonsymmetrical. The symmetrical faces
were created by locating the vertical midline of a face and performing
a bilateral reﬂection on one side of the midline, which resulted in bilateral symmetry. The side of the face that was bilaterally reﬂected was
roughly counterbalanced across the 160 faces. The approach of bilaterally reﬂecting on the midline of faces has been used previously on symmetry studies involving biological images (e.g., Evans, Wenderoth, &

Fig. 1. Examples of the composite faces: complex-symmetrical (upper-left), complex-nonsymmetrical (upper-right), simple-symmetrical (lower-left), and simple-non-symmetrical
(lower-right).

Cheng, 2000). The original faces had only slight nonsymmetry. To increase the difference between symmetrical and nonsymmetrical versions,
minor shifts were made to facial features in the nonsymmetrical faces.
Previous studies have shown that aesthetic judgments are sensitive to
even the slightest deviations in symmetry (Gartus & Leder, 2013). The entire set of face stimuli consisted of the following four types of faces (see
Fig. 1): 40 simple-symmetrical; 40 complex-symmetrical; 40 simplenonsymmetrical; and 40 complex-nonsymmetrical faces.
2.1.3. Procedure
In order to prevent anchor effects in the ratings and to optimize the
ratings' reliability (Grammer & Thornhill, 1994), the experiment began
with an 8-s preview phase that included four faces, with each face
representing one of the four face types. These preview faces were not
included in the main experiments. The experiment consisted of the
following three rating blocks: attractiveness—“how attractive is this
face?”; emotional valence—“how would you interpret the emotional
expression of this face?”; and distinctiveness—“how distinct is this
face?”. The ratings were provided using 7-point Likert scales, with 1
indicating less attractive, negative, or less distinct and 7 indicating
more attractive, positive, or more distinct, for the attractiveness,
emotional valence, and distinctiveness scales, respectively. All
participants performed the attractiveness block ﬁrst, as this was the
primary dependent measure of interest. The order of the emotional
valence and distinctiveness blocks was fully counterbalanced
across participants. Thus, half of the participants performed the
rating blocks in the following order: attractiveness, emotional
valence, and distinctiveness; and the other half in the following
order: attractiveness, distinctiveness, and emotional valence.
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All stimuli (approximately 9.5 cm × 6.5 cm) were presented in
grayscale on a white (RGB: 255, 255, 255) background. Each individual
rating trial consisted of the following sequence of events: a ﬁxation
cross for 200 ms; the stimulus for 1500 ms; and the rating scale with
a response-dependent duration (responses were self-paced). An intertrial interval of 1000 ms was presented following each response, after
which the next trial began. In order to become familiar with the
trial structure, participants were given 8 practice trials (2 simplesymmetrical, 2 complex-symmetrical, 2 simple-nonsymmetrical,
and 2 complex-nonsymmetrical faces). The faces used in the practice
trials were not included in the main experiment. The participants
were instructed to provide their ratings spontaneously, base their
judgments on their initial reactions, and try to use the entire rating
scale. They were tested individually and the presentation order of
the faces was randomized.

2.2. Results and discussion
Mean attractiveness, emotional valence, and distinctiveness ratings
were sampled across participants for each type of face. Our hypothesis
regarding the attractiveness ratings of the four types of faces was conﬁrmed. Participants judged the simple-symmetrical faces (3.82; SD =
.76) as most attractive, followed in decreasing order of attractiveness
by simple-nonsymmetrical (3.62; SD = .69), complex-symmetrical
(2.74; SD = .79), and complex- nonsymmetrical (2.55; SD = .79)
faces (see Table 1). A repeated measures analysis of variance was
performed with complexity (simple and complex) and symmetry (symmetrical and nonsymmetrical) as within-subjects factors and attractiveness ratings as dependent variable. Results showed that simple faces
were rated as more attractive than complex faces, F (1, 17) = 153.42,
p b .001, η2p = .90, and symmetrical faces were rated as more attractive
than nonsymmetrical faces, F (1, 17) = 10.12, p = .005, η2p = .37. The
interaction between complexity and symmetry was not signiﬁcant
(p = .97).
Participants judged complex-nonsymmetrical faces (3.03; SD = .50)
as more negative in emotional valence than complex-symmetrical faces
(3.06; SD = .43), which in turn were judged as more negative than
simple-nonsymmetrical faces (3.95; SD = .28). Participants judged
simple-symmetrical faces (4.00; SD = .25) as least negative. A repeated
measures analysis of variance was also performed with emotional
valence ratings as dependent variable and complexity (simple and
Table 1
Mean attractiveness ratings and standard deviations (in parenthesis) for Experiments 1, 2,
and 3. For Experiments 2 and 3, means that share a common letter subscript differ at
p b .05 due to familiarization.
Pattern type
SiSy

SiNs

CoSy

CoNs

3.82 (.76)

3.62 (.69)

2.74 (.79)

2.55 (.79)

Experiment 2
Fam. group
SiSyFam
SiNsFam
CoSyFam
CoNsFam

4.15 (0.87)a
4.00 (0.94)
3.26 (0.99)a
3.44 (0.70)

3.30 (0.72)
3.75 (0.82)b
2.66 (0.82)b
3.11 (0.64)

2.45 (0.65)
2.48 (0.60)
2.61 (0.90)
2.71 (0.59)

1.96 (0.59)c
2.31 (0.53)
2.01 (0.63)d
2.63 (0.60)cd

Experiment 3
Fam. group
SiSyFam
SiNsFam
CoSyFam
CoNsFam

3.76 (0.85)
3.12 (1.07)
3.50 (1.17)
3.28 (0.92)

3.13 (0.88)
3.13 (0.87)
3.08 (0.64)
3.12 (0.59)

2.56 (0.86)
2.23 (0.52)
3.14 (0.79)
2.68 (0.75)

2.20 (0.98)
2.45 (0.93)
2.71 (0.69)
2.87 (1.17)

Experiment 1

Note. CoSy = complex-symmetrical; SiSy = simple-symmetrical; CoNs = complexnonsymmetrical; SiNs = simple-nonsymmetrical. CoSyFam = familiarized to complexsymmetrical; SiSyFam = familiarized to simple-symmetrical; CoNsFam = familiarized
to complex-nonsymmetrical; SiNsFam = familiarized to simple-nonsymmetrical stimuli.

complex) and symmetry (symmetrical and nonsymmetrical) as withinsubjects factors. These results conﬁrmed the hypothesized inﬂuence of
the additional facial features of complex faces on ratings of emotional
valence. Complex faces were rated as more negative in emotional
valence than simple faces, F (1, 17) = 166.50, p b .001, η2p = .91.
There was no main effect of symmetry (p = .32) and no interaction
between complexity and symmetry (p = .82).
Finally, mean distinctiveness ratings were the following for each
type of face: simple-nonsymmetrical faces (3.58; SD = .56); simplesymmetrical faces (3.73; SD = .60); complex-symmetrical faces (4.03;
SD = .74), and complex-nonsymmetrical faces (4.03; SD = .98). A
repeated measures analysis of variance was performed with complexity
(simple and complex) and symmetry (symmetrical and nonsymmetrical)
as within-subjects factors and distinctiveness ratings as dependent variable. The main effect of complexity only approached signiﬁcance (p =
.05). There was no main effect of symmetry (p = .38) and no interaction
(p = .10).
The results of Experiment 1 conﬁrmed our hypothesis that
participants would judge the simple-symmetrical faces as most
attractive, followed in decreasing order of attractiveness by simplenonsymmetrical, complex-symmetrical, and complex-nonsymmetrical
faces. The pattern of means (i.e., the linear trend) suggests that the
effects of symmetry and complexity on the attractiveness ratings of
the faces were additive. Participants' emotional valence ratings indicated that the complexity manipulation performed on the faces resulted
in a shift towards more negative valence for the complex faces. As a
manipulation check, distinctiveness ratings were also collected. The
results did not indicate that the faces differed signiﬁcantly on this
dimension. Experiments 2 and 3 examined the modulating inﬂuence of
familiarization on the effects of symmetry and complexity on the
aesthetic judgments of the faces.
3. Experiment 2
3.1. Method
3.1.1. Participants
Forty undergraduate students (32 females; mean age: 21.50; range:
19–29) from the University of Vienna, Department of Psychology participated in the experiment for partial course credit. The nature of the procedures was explained to, and informed consent was obtained from,
each participant prior to data collection. All participants had normal or
corrected-to-normal vision, none were aware of the purpose of the
experiment, and none had participated in any of the other experiments
reported here.
3.1.2. Stimuli
The stimuli consisted of the same 160 faces used in Experiment 1.
3.1.3. Procedure
The experiment consisted of a familiarization phase and a rating
phase. The familiarization phase was based on the procedure used
previously by Tinio and Leder (2009). It involved a matching task
in which participants were simultaneously presented (side-byside) two pseudo-randomly paired faces belonging to the same
face set (i.e., simple-symmetrical, complex-symmetrical, simplenonsymmetrical, or complex-nonsymmetrical faces). Participants
were randomly assigned to one of the four conditions. In each trial,
participants made same/different evaluations on the two faces. This
familiarization phase, which lasted approximately 30 min, included
160 same and 160 different face pairs resulting in 320 total trials. Following the familiarization phase, participants were presented, in random order, the faces from the set that they were familiarized to and
the faces from the other three sets. In this rating phase, all 160 faces
were rated for attractiveness in the same manner as in Experiment 1.
Following the attractiveness ratings, participants rated all of the faces
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for emotional valence, also in the same manner as in Experiment 1. The
orders of presentation of the face pairs in the familiarization phase and
the individual faces in the rating phase were fully randomized.

3.2. Results and discussion
Mean attractiveness ratings were sampled across participants for
each type of face (see Table 1 and Figs. 2 and 3). A repeated measures
analysis of variance was performed with complexity (simple and
complex; abbreviated below as Si and Co, respectively) and symmetry (symmetrical and nonsymmetrical; abbreviated below as Sy and
Ns, respectively) as within-subjects factors, familiarization condition
(abbreviated below as Fam) as a between-subjects factor, and attractiveness ratings as dependent variable. Results showed that symmetrical faces were rated as more attractive than nonsymmetrical
faces, F (1, 36) = 43.95, p b .001, η2p = .55, and simple faces were
rated as more attractive than complex faces, F (1, 36) = 285.27,
p b .001, η2p = .89. These results are consistent with those found in
Experiment 1. However, in contrast to Experiment 1, there was a signiﬁcant interaction between complexity and symmetry, F (1, 36) =
16.55, p b .001, η2p = .32, which reﬂected greater differences
between attractiveness ratings of symmetrical and nonsymmetrical
faces in simple (mean difference = .50) than in complex (mean difference = .34) faces.
The results show that massive familiarization had a strong inﬂuence
on the attractiveness ratings. There was a signiﬁcant interaction between complexity and familiarization condition, F (3, 36) = 15.93,
p b .001, η2p = .57, which reﬂects the greater differences in ratings between simple and complex faces for participants familiarized to simple
faces (SiSyFam = 1.53 and SiNsFam = 1.47 vs. CoSyFam = .64 and
CoNsFam = .61). There was also a signiﬁcant interaction between symmetry and familiarization condition, F (3, 36) = 3.85, p b .05, η2p = .24,
which is based on greater differences in ratings between symmetrical
and nonsymmetrical faces for participants familiarized to symmetrical
faces (SiSyFam = .67 and CoSyFam = .59 vs. SiNsFam = .21 and
CoNsFam = .20). Finally, there was a signiﬁcant interaction among
complexity, symmetry, and familiarization condition, F (3, 36) =
3.82, p b .05, η2p = .24. This three-way interaction reﬂected the following patterns of response that were related to the familiarization

Fig. 2. Experiment 2 mean attractiveness ratings for simple and complex faces grouped by
familiarization condition.

Fig. 3. Experiment 2 mean attractiveness ratings for symmetrical and nonsymmetrical
faces grouped by familiarization condition.

condition. Posthoc analyses showed that participants familiarized
to complex-nonsymmetrical faces rated complex-nonsymmetrical
faces more attractive than participants familiarized to complexsymmetrical (p b .05) and simple-symmetrical (p b .05) faces.
Participants familiarized to simple-symmetrical faces rated simplesymmetrical faces more attractive than participants familiarized to
complex-symmetrical faces (p b .05). Participants familiarized to
simple-nonsymmetrical faces rated simple-nonsymmetrical faces more
attractive than participants familiarized to complex-symmetrical faces
(p b .01).
A repeated measures analysis of variance of the emotional valence
ratings was performed with complexity and symmetry as withinsubjects factors, and familiarization condition as a between-subjects
factor. As with Experiment 1, complex faces, as compared to simple
faces, were rated as more negative in emotional valence (Si: 3.28 vs.
Co: 4.01), F (1, 36) = 234.74, p b .001, η2p = .87, and there was no effect of symmetry (p = .47). There was a signiﬁcant interaction between
complexity and symmetry, F (1, 36) = 6.28, p b .05, η2p = .15. However, familiarization did not inﬂuence emotional valence ratings—there
were no interactions between complexity and familiarization condition
(p = .18), symmetry and familiarization condition (p = .94), and
among complexity, symmetry, and familiarization condition (p = .98).
Experiment 2 demonstrated the modulating inﬂuence of massive familiarization on the attractiveness ratings. There was a trend towards
familiar faces being rated more attractive than unfamiliar faces, which
is illustrated by the mean values on the cross-diagonal in Table 1 and
Fig. 2. These descriptive results, when put together with the three significant interactions, seem to suggest generalization effects following massive familiarization to one type of face. The differences in attractiveness
ratings between simple and complex faces were greater for participants
familiarized to simple as compared to those familiarized to complex
faces. Similarly, the differences in attractiveness ratings between symmetrical and nonsymmetrical faces were greater for participants familiarized to symmetrical faces as compared to those familiarized to
nonsymmetrical faces. In addition, emotional valence ratings were generally similar to those found in Experiment 1, with no interactions involving familiarization condition. Experiment 3 examined whether
similar effects would be found using a less extensive familiarization
phase. All aspects of the methods used in Experiment 2 were kept
constant.
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4. Experiment 3
4.1. Method
4.1.1. Participants
Forty undergraduate students (24 females; mean age: 22.23; range:
19–39) from the University of Vienna, Department of Psychology
participated in the experiment for partial course credit. Prior to
data collection, the nature of the procedures was explained to, and
informed consent was obtained from, each participant. All participants had normal or corrected-to-normal vision, none were aware
of the purpose of the experiment, and none had participated in Experiments 1 or 2.
4.1.2. Stimuli
The stimuli consisted of the same 160 faces used in Experiments 1
and 2.
4.1.3. Procedure
As with Experiment 2, there was a familiarization phase and a rating
phase. The familiarization phase involved the same matching task used
in Experiment 2. Participants were simultaneously presented two
pseudo-randomly paired faces belonging to the same stimulus
group (i.e., simple-symmetrical, complex-symmetrical, simplenonsymmetrical, or complex-nonsymmetrical faces). However, familiarization was less extensive in this experiment, with only a
fourth of the number of trials used in Experiment 2. Thus, there
were 40 same and 40 different matching pairs for a total of 80 trials.
Participants were randomly assigned to one of the four familiarization conditions. Following the familiarization phase, participants
were presented the faces from the set that they were familiarized
to and the faces from the other three sets. In this rating phase, all
160 faces were rated for attractiveness and emotional valence as
in Experiments 1 and 2. The presentation of the faces was fully
randomized.
4.2. Results and discussion
Mean attractiveness ratings were sampled across participants for
each of the four types of face (see Table 1). A repeated measures analysis of variance was performed with complexity (simple and complex)
and symmetry (symmetrical and nonsymmetrical) as within-subjects
factors, familiarization condition as a between-subjects factor, and attractiveness ratings as dependent variable. Symmetrical faces were
rated as more attractive than nonsymmetrical faces, F (1, 36) = 4.35,
p b .05, η2p = .11, and simple faces were rated as more attractive than
complex faces, F (1, 36) = 14.40, p b .01, η2p = .29. Additionally, there
was a signiﬁcant interaction between complexity and symmetry, F (3,
36)=8.90, pb .01 η2p = .20, which reﬂected a signiﬁcant difference between ratings of symmetrical and nonsymmetrical faces in simple
(p b .01; mean difference = .31) but not in complex (p = .27; mean
difference = .09) faces. None of the interactions involving familiarization were signiﬁcant.
We performed a repeated measures analysis of variance with emotional valence ratings as dependent variable and complexity and symmetry as within-subjects factors, and familiarization condition as a
between-subjects factor. The results were similar to those of Experiment 2. Complex faces were rated as more negative in emotional valence than simple faces (Si: 3.46 vs. Co: 3.86), F (1, 36) = 12.51,
p b .01, η2p = .26, and there was no effect of symmetry (p = .64).
There was also a signiﬁcant interaction between complexity and
symmetry, F (1, 36) = 4.31, p b .05, η2p = .11. Moreover, as with Experiment 2, there were no interactions between complexity and
familiarization condition (p = .91), symmetry and familiarization
condition (p = .18), and among complexity, symmetry, and familiarization condition (p = .43). The similarity of results concerning

emotional valence between Experiments 2 and 3 is in accordance
with studies that have shown that familiarization has little effect
on the processing of emotion inherent in stimuli (Schupp et al.,
2006).
Setting the familiarization condition aside, the pattern of data
concerning the effects of symmetry and complexity that were found in
this experiment was the same as the pattern of data found in Experiment 2. At the descriptive level, there was also a trend towards familiar
faces being rated higher on attractiveness than unfamiliar faces (see
Table 1). However, unlike Experiment 2, which involved massive familiarization, none of the interactions involving familiarization were
signiﬁcant.

5. General discussion
We examined the effects of symmetry and complexity on the aesthetic judgments of faces and how familiarization modulated these
effects. We capitalized on the idea that faces comprise a special class
of objects with high social and biological signiﬁcance (Bruce & Young,
1986). For Experiment 1, we hypothesized a speciﬁc ordering of attractiveness ratings for the four types of faces. This ordering was premised
on previous ﬁndings that symmetrical stimuli are judged more positively than nonsymmetrical stimuli (e.g., Jacobsen & Höfel, 2001), and that
simple faces would be judged more positively than complex faces. To
our knowledge, this is the ﬁrst study to systematically study the inﬂuence of complexity in faces on aesthetic judgments. As predicted, the
pattern of means in Experiment 1 showed that participants rated
simple-symmetrical faces as most attractive, followed in decreasing
order by simple-nonsymmetrical, complex-symmetrical, and complexnonsymmetrical faces. These results conﬁrm previous ﬁndings (Tinio
& Leder, 2009) that the effects of complexity and symmetry on aesthetic
judgments are additive.
Experiment 1 also showed that the use of additional features to create the complex faces inﬂuenced the emotional valence associated with
those faces. Participants judged complex faces as more negative in emotional valence than simple faces. The higher attractiveness ratings of the
simple as compared to the complex faces could be attributed to this shift
in emotional valence. There are several possible cognitive mechanisms
for why this occurred. One explanation is consistent with the ﬂuency
perspective, which states that the more ﬂuently an object is processed,
the more positive it will be judged aesthetically (e.g., Reber & Schwarz,
2001; Reber, Schwarz, & Winkielman, 2004; Reber, Winkielman, &
Schwarz, 1998). There is evidence of interference (i.e., disruption of ﬂuency) on the performance of tasks involving faces with negative valence.
Note, for instance, Eastwood, Smilek, and Merikle's (2003; using
schematic faces) study, which showed that compared to faces with positive or neutral valence, the processing of facial features in faces with
negative valence was disrupted. In the present study, disruptions in processing ﬂuency could have led to the lower attractiveness ratings of faces
with negative valence.
Another explanation of why complex faces were judged as less
attractive is that the participants may have perceived these faces as
threatening, or at least, signaling threat. There is some evidence that
the usually positive effects of attractiveness on aesthetic responses are
modulated by the state of the perceiver. For example, Leder, Tinio,
Fuchs, and Bohrn (2010) measured eye movements to examine if
people look at attractive faces longer than less attractive faces.
They found that attractive faces were generally looked at longer.
However, when people were in a state of threat, the attractiveness
advantage disappeared for male faces, presumably because males
have a higher aggression potential than females. Regarding the
present study, complex faces may have been perceived as threatening or signaling threat, and were therefore judged as less attractive
than simple faces. The successful recognition of, and reaction to, a
face with negative valence is crucial for survival because such a
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face could pose a threat or signal the presence of a threatening object
or animal.
Leder et al.'s (2010) ﬁndings also suggest that the effects of topdown processes—such as affect—could override the effects of attractiveness on aesthetic responses. Similarly, the present study found evidence
that negative valence in faces—through an increase in complexity—had
overridden the effects of symmetry, but only after familiarization. This
effect is reﬂected in the interaction between complexity and symmetry
in Experiments 2 and 3. The results of these two experiments illustrate
that although symmetrical faces were judged signiﬁcantly more attractive than nonsymmetrical faces, the differences in attractiveness ratings
between symmetrical and nonsymmetrical faces were greater for the
simple faces.
It is also important to note that the additional features on the complex faces may have also disturbed the homogeneity of the texture of
the faces. Irregular texture has been shown to have a negative impact
on the attractiveness of faces (e.g., Fink et al., 2001; Jones et al., 2004)
presumably because it indicates poor health or signs of aging. Speciﬁcally, adding features such as forehead frown lines, cheek lines, and mouth
lines could have directly changed the perceived age of the faces because
such lines are typically associated with aging, and age is known to correlate negatively with attractiveness (Korthase & Trenholme, 1982).
Future studies will thus need to take into account the ages of the
depicted, target faces.
Familiarization, both moderate and massive, may have increased the
salience of the negative valence in the faces, and this salience, in turn,
may have increased the dominance of the facial valence during the
attractiveness ratings of the faces. Indirect evidence for such effect of
familiarization comes from studies on the encoding of emotional facial
expressions. For example, Halberstadt and Niedenthal (2001) found
that when faces—even neutral ones—were accompanied by emotional
labels (e.g., happy and sad) during initial encoding, subsequent viewing
of those same faces was characterized by an exaggeration of the corresponding emotional labels. For instance, faces encoded as angry were
later remembered as angrier than they were upon initial viewing.
They also found that the effect was stronger the deeper was the initial
encoding. Although participants in the present study did not encode
the facial expressions explicitly, the repeated exposures to one type of
face may have had a similar effect as explicit encoding. Further studies
are required to examine this possibility.
Some aspects of the results of Experiments 2 and 3 were, to an
extent, consistent with ﬁndings of mere-exposure studies (Zajonc,
1968), wherein familiar stimuli were shown to be evaluated more
favorably than novel stimuli. In Experiment 2, the highest attractiveness ratings for a particular type of face were provided by participants familiarized to that type of face. The only exception were the
participants familiarized to complex-symmetrical faces, for whom
complex-symmetrical faces were only the second most attractive
type of face (following complex-nonsymmetrical faces). Similar
results were obtained in Experiment 3. Tinio and Leder's (2009)
study, which also employed moderate and massive familiarization
to abstract patterns, did not ﬁnd clear mere-exposure effects.
Instead, they found that people seemed to search for novelty following massive familiarization to a speciﬁc type of abstract pattern, a
ﬁnding that is in line with Biederman and Vessel's (2006) recent
work. The difference in results between their study and the present
study is consistent with Bornstein's (1989) ﬁndings, using metaanalysis, that although mere-exposure effects have been found in
various classes of stimuli—photographs, words, ideographs, and
real people and objects—mere-exposure effects were not found in
abstract paintings, drawings, and matrices, the stimulus group to
which the abstract patterns used by Tinio and Leder belonged.
The differences in ﬁndings between Experiments 2 and 3—those related to the interactions with the familiarization condition—illustrate
clearly that the approach of examining only moderate familiarization,
which is typical of mere-exposure studies, may not fully capture the
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possible range of responses. Following massive familiarization, participants appeared to have generalized visual structures from familiar
faces to new but similarly structured faces. This type of structural generalization (Tinio & Leder, 2009) was found for both symmetry and complexity following massive familiarization: simple faces were found to
be more attractive than complex faces in all massive familiarization conditions, but the differences in attractiveness between simple and complex faces were greater for participants familiarized to simple faces;
similarly, symmetrical faces were found to be more attractive than
nonsymmetrical faces in all massive familiarization conditions, but the
differences in attractiveness between symmetrical and nonsymmetrical
faces were greater for participants familiarized to symmetrical faces.
These structural generalization effects are similar to structural mere
exposure effects (Gordon & Holyoak, 1983; Manza & Bornstein, 1995;
Monahan et al., 2000; Newell & Bright, 2001; Zizak & Reber, 2004), although the latter involves a transfer of artiﬁcial grammatical structures
from familiar stimuli to similar but new stimuli. In this study, structure
involved variations in facial symmetry and complexity.
It is important to note that structural generalization effects seem to
resemble face adaptation effects (e.g., Rhodes, Jeffery, Watson, Clifford,
& Nakayama, 2003; Webster & MacLin, 1999); the two, however, are
different in several ways. Participants in adaptation studies are exposed to distortions in adapting stimuli—such as faces that have
been stretched horizontally. Following adaptation, these distorted
faces will appear more normal than undistorted faces. If adaptation
effects would have occurred in this study, participants familiarized
to nonsymmetrical and complex faces might have rated as less
attractive the corresponding symmetrical and simple faces, because
these latter faces would have become less prototypical following
familiarization (Rhodes, et al.). This was not the case in this study
as participants, regardless of familiarization condition, rated symmetrical and simple faces more attractive than their nonsymmetrical
and complex counterparts.
It remains to be seen whether the ﬁndings of the present study will
hold for real faces. Structural contrast effects were found for meaningless, abstract patterns, as shown by Tinio and Leder (2009), and in the
present study, structural generalization effects were found for composite faces. It is therefore possible that structural generalization effects will
be much stronger with real faces. However, this “added beneﬁt” of real
faces may be offset by the loss of experimental control, which is the reason why composite faces were used in the present study.
The use of composite faces allowed greater experimental control
because key facial features could be varied systematically. Other features that are typically associated with a person's identity, such as hair
and jewelry, were excluded. One possible outcome of this approach is
that gender information might have been subtler in some of the composite faces (an issue pointed out by a keen reviewer), which were composed of characteristically male features. Features such as style and
length of hair are known to be strong indicators of gender identity
(e.g., Brebner, Martin, & Macrae, 2009). An obvious way to extend the
present study would be to include perceiver gender and target gender
as key variables. Based on our ﬁndings, in addition to evidence that
physical attractiveness is more important to men than to women
(Sprecher, Sullivan, & Hatﬁeld, 1994), we could predict that generalization effects would be stronger with female target faces.
The effects of basic visual features on aesthetic judgments are
more complex than has been shown following a century of empirical
aesthetics research (Fechner, 1876). We found that the effects of
symmetry and complexity were additive. We also found that facial
complexity is judged negatively, perhaps because the complexity
manipulation resulted in a shift towards negative emotional valence
in the faces. Complexity in faces also seemed to have overridden the
effects of symmetry. Familiarization had strong modulating effects:
moderate familiarization resulted in mere-exposure effects, and
massive familiarization resulted in structural generalization effects—
people ﬁnd who they know more attractive, and the more they see
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of such people, the more likely they will ﬁnd others who have similar
structural features attractive. This response seems adaptive. We are
drawn to familiar people because they are less threatening and
more predictable, and communicating with them should be generally easier than communicating with strangers. And as in the adage,
“birds of a feather ﬂock together,” we are drawn to people who
look similar and to those we know most—at least those with familiar
features.
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